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A subcellular fraction enriched with lamellar granules 
was obtained from homogenates of fetal rat epidermis 
by means of density gradient fractionation in metriza-
mide. 62% of organelles in this fraction were bounded by 
single membranes and measured 80-130 nm in the 
shorter diameter. About 10% of these had characteristic 
lamellae. Other structures in this fraction were larger 
vesicles (20%) or smaller organelles and vesicles (18%). 
The fraction had a low buoyant density (1.08-1.10) sug-
gesting a high lipid content and contained a sharply 
localized peak of acid phosphatase activity. The 80-130 
run organelles reacted with bismuth after oxidation with 
periodic acid and were positive for acid phosphatase. 
Other intracellular organelles (eg., lysosomes, mitochon-
dria, ribosomes) as well as keratin fibrils and keratohy-
alin were not present. 
It is concluded that most of this fraction consists of 
lamellar granules, permitting for the first time detailed 
investigations of the composition and metabolism of 
these organelles. 
Since their discovery [1], lamellar granules (LG) have been 
extensively characterized by ultrastructural and histochemical 
criteria. These structures have had a variety of names: Odland 
bodies, membrane coating granules, cementosomes, keratino-
somes, none of which exactly characterize their probable func-
tion [2-5]. Their designation as lamellar granules, proposed by 
OdJand and Reed [6], is descriptive and avoids an attribution of 
function which is not yet fIrmly established. It is now generally 
accepted that they represent secretory granules and that the 
extrusion of their content into the intercellular space is related 
to the formation of the barrier function of stratum corneum 
[3,4,7-10]. It is known that LG arise in the Golgi and contain 
lipid, glycoprotein, and acid hYdrolases [4,5,11-17]. However, 
detailed characterization of their composition and biosynthesis 
has been hampered because LG have not been isolated in 
subcellular fractions. Elucidation of the kinetics of their secre-
tory function cannot be entirely clarifIed until they can be 
inyestigated by means of markers other than their distinctive 
morphology; such markers may be established by characteri-
zation of isolated LG. 
The present report presents a method by which LG and LG-
like granules have been sepal'ated and partially purifIed in a 
subcellular fraction obtained from fetal rat epidermis. 
MATERIALS AND METHODS 
Tissue Preparation 
Skin was obtained from rat fetuses sacrificed at 20 days of gestation 
(Sprague Dawley Strain, Holtzman Laboratories). Whole skins were 
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cut into narrow strips and incubated for 30 min at 37°C in .01 M 
dithiothreitol in Minimum Essential Medium (MEM, GIBCO) with 5% 
CO2 in air [IB]. All subsequent procedures were carried out at 4°C. 
Following incubation, the skin was successively rinsed in Earles buffer, 
0.B5% saline, and 0.25 M sucrose and the epidermis was teased off. 
Minced epidermis was gently homogenized at 100 mg/ ml of 0.25 M 
sucrose in loose fitting all glass homogenizers. Sucrose solution was 
prepared in distilled water without buffering (pH 4.5-5.0). The homog-
enates were centrifuged at 700 g for 15 min and the supernatant was 
centrifuged at 17,000 g for 45 min to obtain a pellet (17K pellet) . 
Density Gradient Fractionation 
Polyallomer tubes (10 cm) were manually loaded from the bottom 
with 20, 30, 40, and 50% (w Iv) metrizamide* (analytical grade, Nyegaard 
and Co. A IS Oslo) in 0.25 M sucrose. The metrizamide was allowed to 
diffuse for 24 hr to produce a continuous linear gradient (Fig 1). The 
17K pellet, prepared from Boo-1ooo mg of epidermis and suspended in 
O.B-l.O mI sucrose, was loaded on the top of the gradient and tubes 
were centrifuged at 60,000 g for 120 min in a Beckman SW27.1 Swinging 
Bucket rotor. The gradient was unloaded from the top in 1.0 ml aliquots 
with a plastic syringe. 
Aliquots of each fraction were assayed for acid phosphatase activity 
(AP) .· 50 or 100 J.l1 (50-100 J.lg protein) was assayed with 3 J.I moles of 
paranitrophenyl phosphate (Sigma) in the presence of 0.1% Triton X 
100, .05 M sodium acetate, at pH 4.B, in a total volume of 0.5 mI [19]. 
Preliminary experiments using acid phosphatase (Sigma) demonstl'ated 
that metrizamide in concentrations of 10 to 50% did not interfere with 
the assay. 
Protein content of whole 17K pellet and fractions was determined by 
the Lowry method [20]. Since metrizamide interfered with the assay, 
proteins were first precipitated with 10% trichloroacetic acid (TCA) , 
washed with 5% TCA, ethyl alcohol and ether, and then solubilized 
with 1 N NaOH. 
Electronmicroscopy 
When pellets were obtained from metrizamide containing fractions, 
there were often amorphous precipitates which obscured the morphol-
ogy of organelles. For this reason fractions containing visible bands 
were diluted with 3 volumes of sucrose and allowed to stand for 18-20 
hr in the cold. Attempts to remove metrizamide by dialysis resulted in 
marked disruption of subcellular organelles. The fractions were recen-
trifuged at 19,000 g and pellets of each band and whole 17K fraction 
were fixed with 2% OsO, - .05 M sodium phosphate buffer (pH 7.3) fol' 
3 hr at 4°C and stained en bloc with uranyl acetate. Further processing 
included dehydration in graded alcohols and propylene oxide and 
embedding in Epon 812. Silver grey sections were collected on coppel' 
grids and stained with lead citrate or on gold grids and treated with 
periodic acid and bismuth (PA-Bil [21]. Sections were examined at 100 
KV in a Hitachi HU12A electronmicroscope. 
For cytochemical demonstration of acid phosphatase (AP), tissue 
and pellets were fixed in 2.5% gluteraldehyde in .05 M cacodylate buffer 
(pH 7.3) for 2 hr. AP was demonstrated by a modified Gomori technique 
using f1 glycerol phosphate as substrate [22]. Specimens were postfixed 
with 2% Os 0, in .05 M veronal acetate buffer (pH 7.3) and 1.5% K.I (Fe 
[CN]6) 3HzO and processed as above. 
RESULTS 
Localization of Acid Phosphatase in Subcellular Fractions 
Three distinct bands were consistently found on density 
gradient centrifugation in 10 experiments (Fig 1) at densities of 
1.084-1.100, 1.195-1.208, and 1.266-1.280. These fractions were 
designated as B-1, B-2, and B-3 respectively. AP was sharply 
* Metrizamide is 2-(3-acetamido-5-N methylacetamido)-2, 4, 6-tri-
iodo (benzamido)-2-deoxy-D-glucose. 
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FIG 1. Acid phosphatase activity and density of metrizamide gra-
dien ts of 17K pellets. 17K pellets were prepared and processed on 
gradients of metrizamide (10-50% w/v) as per text. Acid phosphatase 
activity of sequential fractions expressed as % of total activity. Density 
was estimated in a Fisher-Davidson Gravitometer at room temperatUJ'e 
and corrected to 5°C as per manufacturer's direction. Hatched bars 
indicate location of distinct opaque bands (Bl , B2, and B3) . Experiment 









activity ± SEM" 
0.95 ± .20 
5.62 ± .34 
0.70 ± .30 
0.61 ± .07 
Protein content 
mg/ G ± SEM' 
13.29 ± 0.27 
0.42 ± 0.07 
0.80 ± 0.10 
3.59 ± 0.05 
a Fractions prepared as per text: 17K = pellet obtained at 17,000 g. 
Bands 1, 2, 3 = B1, B2, B3 obtained on metrizamide gradients. 
b Specific activity of acid phosphatase (AP) expressed as 11m sub-
strate utilized per mg protein ± standard error of the mean (SEM) in 
4 experiments. 80% of 17K activity was recovered in the 3 bands. 
C Protein content is related to wet weight (G) of whole epidermis 
starting material. 
localized in B-1 and B-3 and a small amount was inconsisten tly 
present in B-2. 
The specific activity of AP in B-1 was nearly 6-fold greater 
than in 17K pellet (Table) and represented about 1/3 of the 
total 17K pellet activity. 
Morphology 
The 17K pellet was not homogeneo.us. The more distal por-
tion (with respect to the radial axis of the centrifuge) contained 
mitochondria, tonofilaments and cornified cell envelopes. LG 
and other vesicular structures were present in a narrow band at 
the proximal end (Fig 2b). They were similar in sh ape and 
structure to those present in intact epidermis (Fig 2a). LG were 
not identified in 700 g pellets or in sediments obtained from the 
17,000 g supernatant at 40,000 or 100,000 g. 
B-3 consisted chiefly of mitochondria, tonofllaments and 
fragments of cornified cell envelopes as well as aggregated dense 
material similar to keratohyalin (Fig 3). The mitochondria were 
in various states of preservation and condensation. Fragm ents 
of cornified cell envelopes, were frequently folded over; they 
also occurred in pairs with tonofilaments still attached to the 
outer (cytoplasmic) surface suggesting that the pairs were frag-
ments of the envelopes from adjacent cells. D esmosomes were 
occasionally seen. 
B-2. contained largely mitochondria with some debris and 
unidentified organelles (Fig 4) . LG were not seen. . 
B-1 (Fig 5a) contained only m embl'ane bound organelles and 
vesicles of varying size with occasional strands of m embranes. 
No other subcellular structures were present. The majority of 
these were round to oval organelles measuring 80-130 nm in 
the short diameter and up to 300 nm in the long axis. In sections 
stained with lead citrate the internal structure was usually of 
low electron density and lamellae were infrequently seen (re-
sults not shown), In sections treated with PA-Bi (Fig 5) the 
granules were of greater density and lamellae were more fre-
quently recognized suggesting presence of glycoprotein, Gran-
ules lacking lamellae had a light grey to very dense matrix 
which was sometimes granular or showed fragments suggesting 
disrupted lamellae (Fig 5b) , A smaller number of the same 
shape and size had ch aracteristic lamellae parallel to the short 
axis, somewhat irregular spaced, with a 60-90 A distance center 
to center (Fig 5b, 5c, 5d) . Vesicular structures (>130 nm in 
diameter) were present as well and were largely electron lus-
cent. Smaller bodies «80 nm) of varying electron density were 
also present but showed no lamellae. 
Random measurements were carried out on photomicro-
graphs at magnification of 45,000 using 3 different sections. 
Grids were drawn on the photomicrographs and all membrane 
bound organelles measured; in all 982 bodies were measured. 
FIG 2, a, 20 day epidermis (granular layer) treated with Periodic-
acid-bismuth abundant near the plasma membrane of the lower1cell; 
they are variable in size and while some show lamellae ('t) others have 
a homogeneous matrix sometimes with granular inclusions ['" ",] . 
Lamellar granules m'e present in the intracellular space of the upper 
cells (~) (x 18,000; scale = 111m) . b, Proximal area of a 17K pellet 
demonstrating numerous round to oval membrane limited organelles 
some with lamellae ('t) and others (A) with a matrix of variable 
density (x 18,000; scale = 111m) . 
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FIG 3. Band 3: a, contents of this band includes mitochondria some 
of which are swollen or condensed, cornified cell membranes, aggre-
gated dense material similar to keratohyalin (-1') and debris (x 16,800; 
scale = 1 /Lm). b, Desmosome (x 52,000; scale = 100 nm). c, Paired 
cornified cell envelopes showing remnants of tonofilaments on the outer 
(cytoplasmic) edge (-1') (x 52,000). d, Cornified cell envelope folded 
over enclosing remnants of tonofilaments ("') (x 67,000; scale = 100 
nrn) . 
FIG 4. Band 2: Representative view showing mitochondri:l. of vary-
ing size and preservation. Amorphous debris and a few small electron 
dense organelles with single membranes and lacking cristae are present. 
No lamellar granules were seen (x 5,000; scale = 2/Lm). 
6.3% were LG with a short diameter of 80-130 nm (x = 111 ± 
5 SEM), 56.3% had short diameters between 80 and 130 run (x 
= 109 ± 4) but lacked intact lamellae; 75% of these had electron 
dense interiors. 19.7% were larger (>130 nm; x = 192 ± 8); 22% 
of these had some electron density interiorly. 17.7% were 
smaller (x = 60 ± 3) and 53% had electron dense interiors. 
The 80-130 nm granules of B-1 were similar in size and shape 
to those in the 17K pellet and the LG of intact epidermis (cf 
Fig 2 and 5). LG in epidermis were also frequently lacking in 
lamellae; measurement of LG in epidermis revealed that most 
fell into the 80-130 nm range. 
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FIG 5. Band 1: treated with Periodic-acid-bisrnuth. a, Representa-
tive view showing many oval to round organelles, of varying electron 
density ('t). Membranes in vesicular array are also present (x 15,000; 
scale = 1 /Lm) . b, Higher power view showing lamellar granules ("'); in 
some lamellae are less distinct due to heavy precipitates of bismuth. 
Granules of the same shape and size with limiting membranes and a 
grey granular matrix are more abundant (A). Membranes in vesicular 
array and small empty or electron dense bodies are also seen (x 40,000; 
scale = 100 nm). c, and d show 2 well-preserved lamellar granules with 
alternating light and dark bands and limiting membranes ("'). A 
tangentially sectioned granule ('t) and 2 additional granules where 
lamellae are partially obscured by deposits of bismuth (4) are seen in 
(c) . (x 80,000; scale = 100 nm). 
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FIG 6. Acid phosphatase reaction. Specimens fixed with gluteralde-
hyde, treated with f3 glycerol phosphate as per text and postfixed with 
OsO,. a, Band 1: Some granules show distinct lamellae while others 
are entirely obscured by reaction products (x 30,000 scale = ] /Lm) . b, 
Band 3: Reaction products are most abundantly deposited on cornified 
cell envelopes. They are also seen randomly distributed and sometimes 
sparsely overlie mitochondria (x 30,000 scale = l/Lm) . 
Cytochemical Localization of Acid Phosphatase 
AP was demonstrated cytochemically in whole tissue and 
Bands 1 and 3. In whole tissue it was found in a lame~ar pattern 
in the intercellular spaces of cornified cells. In granular cells it 
vvas also present in LG and in endoplasmic reticulum (results 
not shown). AP was absent in Band 2. In Band 1 (Fig 6a) 
reaction products were present in the 80-130 nm granules (x = 
116 ± 6) many of which showed deposition on lamellae. In 
others, the entire matrix was obscUl"ed by reaction products. 
Reaction products were not seen in structw'es corresponding to 
larger vesicles of Fig 5 although some clumps smaller than LG 
vvere present. Control sections prepared without substrate were 
negative except for fine background stippling seen also in this 
figure. In Band 3 (Fig 6b) most of the reaction products were 
present in linear configmation along the external sUl"face of the 
cornified cell envelopes, suggesting that its association with 
these accounted for the AP activity of this fraction (Fig 1). 
Since AP in this location could only have come from extruded 
LG, the findings suggest that most, if not all, of the enzyme in 
the 17K pellet represents its association with LG. 
DISCUSSION 
The problem of isolation ofLG from epidermis is a formidable 
one and the data presented in this report represents the initial 
step towards that objective. 
Fractionation of the structural elements of epidermis has 
been difficult in part because the presence of cornified layel's 
requires vigorous disruptive procedures that damage fragile 
organelles and in part because keratin appears to "trap" other 
formed elements. 20 day fetal rat epidermis contains only a few 
cornified layers and keratin is still sparse. It thus lends itself to 
gentle but thorough homogenization leaving various subcellular 
structUl"es intact and dispersed. In contrast, we were not suc-
cessful in attempts to repeat the above reported procedUl"es 
with more fully developed newborn rat epidermis. A second 
advantage of the use of 20 day fetal epidermis is its high 
proportion of granular cells (about 50% of viable keratinocytes) 
with concomitant large numbers of LG. 
Despite these advantageous circumstances, the isolated frac-
tion contained relatively few organelles with intact lamellae, 
although 2/3 of the membrane bound structUTes were granules 
of the appropriate size. Herein lies the crux of the problem. 
The only unique marker which distinguishes LG from other 
small membrane bound organelles are lamellae. In situ, LG are 
identified not only by lamellae but also by their localization in 
peripheral cytoplasm near the plasma membrane. The studies 
of Martinez and Peters [8] on such peripherally located organ-
elles have elucidated their structUl"e and shown that the angle 
of transection determines whether or not the pentalaminar 
plates are seen as lamellae or as a more or less homogeneous 
matrix. Other "characteristic" featUl"es have been determined 
by cytochemistry which has indicated presence of phospholip-
ids, sterol, carbohydrate probably as glycoprotein and glyco-
lipid, as well as acid hydrolases which are often but not invari-
ably present [5,11-17,23]. However, none of these constituents 
can be considered as unique for LG and their precise natUl"e 
and proportional representation have not been determined. 
Indeed, the presence of acid hydro lases (particularly AP) has 
suggested to some investigators that the organelles are a type 
of lysosome [11]. Thus, in a subcellular fraction and in the 
absence of lamellae, identification of LG can only be tentatively 
made on the basis of other compatible characteristics such as 
size, presence of acid hydrolases, carbohydrate and lipid. 
A second difficulty relates to the apparent vulnerability of 
LG to standard isolation procedures. The method presented in 
this report evolved after many other procedUl"es had been 
examined. It represents a reproducible technique with the great-
est yield of granules containing lamellae, the least contamina-
tion by other organelles, and the most precise localization of 
AP that we have been able to achieve thus far. A variety of 
other manipulations were tried. Thus it was possible to remove 
most of the material present in Band 3 by a preliminary 
centrifugation at 3000 g but this reduced the yield of granules 
and labilized some of the AP. No LG fraction was obtained by 
isopycnic centrifugation in sucrose perhaps because of effects 
. of high osmolarity on LG. In contrast to sucrose, metrizamide 
provides a -medium, which is also nonionic, but has a relative 
low osmolarity over a wide range of densities. It has been used 
successfully to isolate a variety of intracellular organelles [24]. 
Presence of N a + or K+, serum, albumin, or proleolytic inhibitors 
all reduced the yield of the organelles, as did further manipu-
lation of Band 1 in attempts to remove contaminating struc-
tures. The experience suggested that the molecular arrange-
ments (possibly lipid bilayers) that are represented in the 
lamellae were more vulnerable to various manipulations than 
the granule itself. In experiments using sucrose buffered at pH 
above 6, for example, there was no loss of AP in 80-130 run 
orgimelles, but none contained intact lamellae. On the basis of 
these experiences we felt that fwther pUl"ification could best be 
accomplished after more complete characterization of the pres-
ent fraction. 
In the least the method presented has yielded for the first 
time a su bcell~ar fraction hU'gely composed of organelles which 
are likely to be LG as judged by the following criteria. They are 
bounded by a single membrane and contain glycoprotein and/ 
or glycolipid, (as shown by PA-Bi staining). Their size, with or 
without lamellae, corresponds to that of LG. AP is sharply 
localized within the fraction and is present in the organelles. 
The low bouyant density of the fraction suggests a high relative 
content of lipid which has been attributed to LG. This will have 
to be validated by direct biochemical studies to demonstrate 
presence particularly of sphingolipids and sterols. The fact that 
most of the 80-130 nm granules did not have lamellae may 
represent in part fortuitous orientation on sectioning but more 
482 FREINKEL AND TRACZYK 
likely is due to disruptions occasioned by fractionation or pro-
cessing. . . . 
However we cannot rigorously exclude the posslbilIty that 
lysosomes ~r other microbodies were represented. Against this 
possibility is the experience in other tissues fractionated under 
similar conditions. In metrizamide gradients, lysosomes, per-
oxisomes and mitochondria have been found to have buoyant 
densities between 1.15 and 1.25 [24]. This corresponds well to 
the density of small epidermal mitochondria between 1.195 and 
1.208 in the present studies. While some separation of untreated 
lysosomes and mitochondria has been reported with metriza-
mide this does not approach the wide separation we have found 
between the organelles in Band 1 and Band 2 [25]. Extrapo!a-
t ion of our data to that in other tissues suggests that the bodies 
in Band 1 largely represent a completely different type of 
organelle from conventional microbodies with physical and 
chemical characteristics compatible with those ascribed to LG. 
It is anticipated that further characterization of this fraction 
with respect to enzyme content as well as lipid and protein 
composition will provide a profIle that may be used not only for 
greater purification of LG but also for investigation of their 
metabolism. Such efforts are now in progress. 
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